This provides an opportunity for more research on integrated approach using existing therapies, traditional and alternative medicines with newer treatments and potential candidates for management of Alzheimer's disease.
Memory is the process to encode, accumulate and recall information and past experiences [1, 2] . The loss of memory leads to dementia, and Alzheimer's disease (AD) is the most prevalent type of dementia, which accounts for 60-80% of cases worldwide [3] . AD is a primary neurodegenerative disease with characteristic neuropathological and neurochemical features. However, the exact aetiology of AD is still not known. Dementia in AD with onset before the age of 65 y has a relatively rapid deteriorating course with marked multiple disorders of higher cortical functions and the other with onset after 65 y has a slower progression with memory impairment as principal feature. These phases of AD progression with features were summarized in Table 1 .
As per the statistics provided by the Alzheimer's disease International's World Alzheimer Report 2015, an estimated 46.8 million people are living with dementia worldwide. This is projected to double every 20 y and estimated to be 131.5 million by year 2050 [4] . East Asia has largest number of people with dementia (9.8 million), followed by Western Europe (7.4 million), South Asia (5.1 million) and North America (4.8 million). Top ten countries with highest number of people with dementia in 2015 include China (9.5 million), USA (4.2 million), India (4.1 million), Japan (3.1 million), Brazil (1.6 million), Germany (1.6 million), Russia (1.3 million), Indonesia, France and Italy (1.2 million each) [4] . The mortality rate as per the report is much higher in comparison to those caused by stroke, heart disease and cancer [4, 5] . Epidemiological studies conducted in India between 1996 and 2006 indicated that dementia affects 2.7% of the population and AD being the most common cause (1.3%) [6] . In the year 2010, it was reported that an estimated 3.7 million Indian people aged over 60 had dementia. A 10 y follow-up study from South India reported higher incidence of 11.67 per 1000 person-years for those above 55 y of age which increased with age [7] . As per Delphi consensus study forecast, the worldwide prevalence of dementia will double between 2001 and 2040, whereas India, China, south Asian and western pacific countries expect increase in prevalence by 300% [8] . This forecast of "AD-epidemic" represents a major health concern to most nations including India. Severe dementia from AD can cause complications like immobility, malnutrition and swallowing disorders, which significantly increase the risk of other serious conditions like aspiration pneumonia resulting to death [5] . It can also lead to emotional and physical stress to caregivers and poor quality of life to both the patients and caregivers [5] .
Till date, there has been no effective approach in terms of cure or prevention of AD. The available pharmacological therapy with antidementia drugs is largely symptomatic, with no permanent clinical benefits on functional, behavioural and cognitive manifestations of the disease. In this context, there is an imperative need to develop newer treatment modalities with disease-modifying properties for AD. This review summarizes available treatment options for AD targeting different levels of pathophysiology. It also focuses on the new drugs in pipeline, potential candidates and alternative therapies. The selection of the literature was done as per the Quorom flow chart given in fig. 1 .
Pathophysiology:
The name Alzheimer's is from the German neuropathologist, Prof. Alois Alzheimer, who reported this disease in the year 1906 for the first time in a 51-y-old lady affected for years by memory issues, language dysfunction and confusion [9] . It is a specific neurodegenerative disease characterized by senile deposits, neuritic twists, and gradual loss of neurons leading to memory loss, alterations in thinking and other brain functions. The progression of the disease is slow and gets worse with further neuronal cell death [10, 11] . Dementia resulting from AD is characterized by a decline primarily in cortical aspects of cognition like memory, language, and praxis and is known to follow a characteristic time course of gradual onset and progression [11] .
Pathogenesis of AD:
Amyloid plaque (AP) formation takes place as follows [10] [11] [12] . A type-I transmembrane glycoprotein, amyloid precursor protein (APP) undergoes proteolytic processing through physiologic i.e. nonamyloidogenic or an amyloidogenic pathway. In the physiologic pathway a membrane-bound enzyme, α-secretase cleaves APP within its amyloid-β (Aβ) domain resulting in the extracellular secretion of soluble APP-α and production of a short, membranebound COOH-terminal fragment (CTF), α-CTF or C83. Subsequently γ-secretase cleaves C83 and forms an extracellular peptide termed p3 and release APP intracellular domain (AICD) into the cytoplasm. The amyloidogenic pathway is initiated when β-secretase cleaves APP at N-terminal part of Aβ domain. This cleavage leads to the extracellular release of soluble APP-β, while β-CTF or C99 fragment remains membrane bound. Sequential γ-secretase division of C99 allows removal of AICD and secretion of Aβ into the lumen or extracellular space, which aggregates to form APs.
Neurofibrillary tangles formation takes place as follows [10] [11] [12] , Tau (τ), a normal constituent of neurons associated with intracellular microtubules gets abnormally phosphorylated and deposited intracellularly as paired helical filaments. After neuronal cell death these filaments aggregate as extracellular neurofibrillary tangles. Addition of fibrillar Aβ to mature hippocampal neurons results in progressive neuritic degeneration accompanied by enhanced phosphorylation of adult τ-isoforms.
Recent studies on pathogenesis of AD have raised doubts over the "amyloid hypothesis"; however, none of these data state that Aβ is not involved in AD. AP remained the main pathophysiology of AD. People having AP in brain without any cognitive impairment should be considered in "pre-clinical phase of AD" [13] . The AD pathophysiology involves cellular, genetic and molecular imbalances leading to DNA damage, autophagy, neuronal death and deposition of τ with AP [13] .
One more characteristic pathological feature includes change in certain metal concentrations in brain, this theory is termed as "metal hypothesis" [14] . Elevated brain iron levels and accumulation of copper and zinc is found in cerebral amyloid deposits. Both ionic zinc and copper are able to enhance the accumulation of Aβ, the principle component of amyloid deposits. The neurotoxic redox activity of Aβ is promoted by copper and iron; they also induce oxidative crosslinking of the peptide to form stable oligomers. Synaptic transmission is affected adversely by the excessive accumulation of these oligomers at synaptic cleft [14, 15] .
A prospective study reported some risk factors for AD like increasing age, low educational level, and APOE4 allele [16] . Deficiency of cholinergic mechanism has been found to be associated in the cognitive and behavioural manifestations of AD [17, 18] . Cardiovascular diseases like diabetes mellitus, hypertension and their risk factors such as hyperinsulinemia, hyperlipidemia, hyperhomocysteinemia and smoking have been reported as other important risk factors for AD [19, 20] .
Dementia in AD with early onset has onset before the age of 65 with comparatively fast deterioration and with marked multiple disorders of higher cortical functions. Early onset familial AD (FAD) is hereditary with genetic predisposition; symptoms appear at early age usually 30-50 y. Onset of AD with no family history is called sporadic and has no genetic predisposition [21, 22] . Dementia in AD with late onset has onset after the age of 65 usually in late seventies or thereafter with a slow progression with memory impairment as principal feature. There are distinct differences in clinical features, genetics and brain metabolism in familial and sporadic forms of AD [21, 22] .
TREATMENT

Goals of treatment:
The main goal of treatment in patients with AD is to improve or at least slow loss of memory and cognition and to maintain independent function [23] . The working group guidelines recommend anticholinesterase inhibitors, N-methyl-D-aspartate (NMDA) receptor antagonist, and other medications, where clinically indicated, to treat cognitive decline in these patients [23] . Non-pharmacological approaches and referral to social service agencies or support organizations are also suggested as treatment strategy [24, 25] . 
Existing treatments:
Current treatment strategies of AD deal with the biochemical pathway leading to the disease. The drugs in current use can be divided as those which are designed to enhance cholinergic function, those that reduce the synthesis of free radicals, antiinflammatory agents, oestrogens and a miscellaneous group of natural products [24, 25] .
Drugs enhancing cholinergic function:
Cholinesterase inhibitors (anticholinesterases or ACHEI) increase cholinergic synaptic transmission by inhibiting acetylcholinesterase enzyme in the synaptic cleft, thereby reducing the hydrolysis of acetylcholine released from presynaptic neurons. The first ACHEI approved by United States Food and Drug Administration (USFDA) for treatment of AD was tacrine. Tacrine and donepezil are reversible inhibitors of acetylcholinesterase that prevent enzyme-acetylcholine complex formation, whereas rivastigmine, a reversible carbamate inhibitor decreases enzyme activity directly [25, 26] . Oral and transdermal formulations of rivastigmine are available. Recently published Cochrane review has shown that rivastigmine 6 to 12 mg daily orally or 9.5 mg daily transdermally is beneficial for management of mild to moderate AD [27] . Another review published in 2006 has shown that long-term treatment with donepezil gave benefits in cognitive function, activities of daily living and behaviour in patients of AD and moreover, it was better tolerated as compared to other ACHEI [28] . Rivastigmine transdermal patch (13.3 mg/24 h) and donepezil (10 and 23 mg/d) can be used for moderate to severe AD [29] .
Recently, a systematic review assessing the riskbenefits of dementia medications concluded that ACHEI gave moderate improvement in cognitive, functional, and global benefits to patients with mild to moderate AD, however, the clinical significance of these effects are unclear [30] . Also, long-term efficacy of ACHEI is an issue as their efficacy wanes with duration of treatment. Side effects with ACHEI include weight loss, debility and syncope, which could be detrimental in elderly patients [30] .
NMDA receptor antagonist:
Memantine, a NMDA receptor antagonist, blocks overexcited NMDA receptors thereby diminishes the entry of Ca ++ leading to decreased glutamate release and inhibiting the processes, which lead to neurotoxicity.
Memantine blocks the voltage-dependent, lowmoderate affinity, uncompetitive NMDA receptors with fast blocking/unblocking kinetics and lowmoderate affinity inhibits effect of excessive glutamate, maintaining physiologic activation of NMDA receptors required for learning and memory [31] . It also inhibits and reverses protein phosphatase (PP)-2A inhibition-induced abnormal hyper-phosphorylation and accumulation of τ. It has shown to have multiple actions, which could be beneficial in patients with AD. Its adverse effects are mild and reversible [32] . It offers minimal benefits in moderate to severe AD when used as a monotherapy. Combination therapy of memantine with ACHEI is considered as a treatment of choice in moderate to severe AD [33] .
Role of cognition enhancers (Nootropics):
Nootropics are the drugs to treat cognitive deficits in patients suffering from AD. But it has been reported that drugs like pramiracetam were unlikely to confer symptomatic benefit to AD patients [34] . Piracetam, a commonly used nootropic has been tried for management of AD with poor results. It has shown to slow the progression of cognitive deterioration at high-dose and long-term treatment in humans [35] . Cochrane review published in 2001 did not support the use of piracetam in management of AD [36] . Another nootropic, levetiracetam, which is commonly used as an antiepileptic, has been used as a cognitive enhancer in AD [37] . It has been reported to reverse hippocampal remodelling, synaptic dysfunction, behavioural abnormalities, deficits in learning and memory in human APP in transgenic mice [37] . More clinical data is needed to recommend its use in AD.
Dimebolin (latrepirdine):
It is an antihistaminic agent, which acts by multiple mechanisms that include blocking the action of neurotoxic Aβ and inhibit L-type calcium channels [38] . It also modulates the action of AMPA and NMDA glutamate receptors and blocks a novel target that involves mitochondrial pores to exert a neuroprotective effect [38] . Studies in monkeys have reported that dimebolin is capable of improving components of working memory [39] . However, the data on dimebolin use in humans is limited with inconsistencies, bias between studies. No effect of latrepirdine was found on cognition and function in mild-to-moderate AD patients, though modest benefit for behaviour was seen [40] . Further research is needed to evaluate the potential benefit of latrepirdine on neuropsychiatric symptoms in AD.
Oestrogen:
Postmenopausal changes have shown to induce neurodegeneration in females. Oestrogens are shown to have protective effects on hippocampal dendrites with augmentation of choline acetyl-transferase activity in experimental studies [41] . Additional properties of oestrogens, which may contribute to their neuroprotective effects include antioxidant properties and a facilitation of the processing of APP along a non-amyloidogenic pathway [42] . Oestrogen receptor β (ERβ) has shown to have the role in regulation of neurological health and development of AD though the therapeutic role is yet unclear as it lacks evidence in humans [41] .
Role of statins in AD:
Studies have reported that the presence of high serum cholesterol levels can lead to pathogenesis of AD [43] . This has led to the use of statins in the preventing AD. Lowering cholesterol in experimental animal models slowed the expression of Alzheimer's pathology [44] . The Rotterdam study was population-based study with 6992 participants followed up for 9 y to study the use of statin in prevention of AD. It has reported a lower risk of AD with use of statins [45] . However, a Cochrane review published in 2014 has concluded that there is no benefit in symptom scores with statin treatment in dementia hence the exact potential of statins in AD management needs to be evaluated thoroughly [46] .
Role of non-steroidal antiinflammatory drugs (NSAIDs) in AD:
AD lesions have shown various inflammatory mediators along with activated microglia. This indicates antiinflammatory agents such as NSAIDs may protect against the disease [47] . A study conducted in Rochester, Minnesota, between 1980-84 has reported protective effects of NSAID in AD [48] . Long-term use of ibuprofen has also been reported to have a protective effect against the development of AD in a cohort of elderly people from US [49] . Studies have reported contrasting results from clinical trials, low-dose trial of the traditional NSAID, naproxen was reported to have failed, whereas pilot trials using therapeutically established doses of indomethacin and diclofenac/ misoprostol have reported to have shown promise in this regard [47] . Cochrane review published in 2012 has mentioned no role of aspirin, steroid and NSAIDs in management of AD [50] . A recently published review by Wang et al. has highlighted limitations of the evidence for use of NSAIDs in management of AD, as no randomized clinical trials have supported the use of NSAID in AD, though the observation studies favours it [51] .
Treatment of behavioural and psychological symptoms:
Atypical antipsychotics have been commonly used for the treatment of psychosis, aggressive behaviour, and anxiety in patients with AD. The Clinical Antipsychotic Trials of Intervention Effectiveness-Alzheimer's Disease (CATIE-AD) study has reported the use of atypical antipsychotics namely olanzapine, quetiapine, and risperidone to worsen cognitive function in patients with AD compared to those on placebo [52] . Antipsychotics, anxiolytics and antidepressants are the potential source for drug interactions in management of AD and hence precautions needs to be taken while these drugs are used [53] .
Particularly, antipsychotic drugs have high risk of drug interactions leading to adverse events. These drugs can interfere with the progression of cognitive impairment and interact with several drugs including ACHEI [54] . Thus, non-pharmacological treatments are preferred for behavioural symptoms, which include some specific tasks or exercises [54] .
Non-pharmacological treatment:
Various non-pharmacological treatments like cognitive training, cognitive rehabilitation, and cognitive stimulation therapy (CST) have been tried with limited benefits in management of AD [54] . Cognitive rehabilitation showed functional benefits in AD however the clinical data is limited.
Natural products:
Extract of Ginkgo biloba, obtained from the leaves of a subtropical tree, has putative antioxidant, neurotrophic, and antiinflammatory properties. A quantitative analysis of literature published in 1998 had shown significant improvement in objective measures of cognitive function in patients suffering from AD on G. biloba [55] . Smith et al. have reported the suppressive effect of extract from G. biloba on hydrogen peroxide related reactive oxygen species in in vivo and in vitro models of AD [56] . A systematic review published in 2010 mentioned high-dose (240 mg) Ginkgo to benefit for activities of daily living. It was found to be safe in AD patients however further studies are needed to know the exact benefits it can offer in AD [57] . Impact of Cholinergic Treatment Use (ICTUS) study evaluated supplementation of G. biloba in 828 patients with mild to moderate AD receiving CHEI treatment. Ginkgo provided some added cognitive benefits in these patients however clinical benefits needed to be confirmed [58] . Meta-analysis published in 2014 has shown that G. biloba may help established AD patients with cognitive symptoms but cannot prevent the neurodegenerative progression of the disease. Hence, its role in management of AD is questionable [59] .
The fact remains that current pharmacotherapy is not sufficient to halt the disease progression nor do they have any role to play in mutation of genes involved in development of AD. Therapeutic methods, which can lessen the effects of a gene mutation, or modify the effects of a gene mutation are the need of the hour and more importantly the drugs that can delay the onset and progression of the disease.
New treatment strategies:
The currently available treatment for AD is mainly symptomatic and offer temporary benefits on cognitive, functional and behavioural manifestations of the disease. The pharmacological basis of the same is to bring an increase in synaptic availability of acetylcholine. In such scenario, the need of the hour is an agent that will slow the progression of the neurodegenerative process thereby inhibiting critical events in the pathophysiology of neurodegeneration, and therefore, attenuating the pathological load [3] .
New targets for treatments: inhibitors of AP formation and τ-protein aggregation:
Recently the focus of research has shifted to develop new drugs, which target disease modification in AD. These drugs are divided as antiamyloid agents and drugs that target other pathological pathways. Antiamyloid compounds are further subdivided into drugs designed to block or inhibit the overproduction or aggregation of Aβ, or to favour its clearance from the brain. Drugs that target the pathological pathways include neurotransmitter and cell-signalling agents, neuroprotective agents, glial cell modulators and τ-based therapies [3] . Antiamyloid strategies consist of pharmaceutical agents with distinct mechanisms that will enable the clearance and/or inhibit the production and/or prevent the aggregation of Aβ [60] [61] [62] [63] . The compounds targeting amyloid pathway with their current status are summarized in Table 2 [ [60] [61] [62] [63] [64] [65] [66] [67] [68] .
The novel targets in treatment of AD include muscarinic and nicotinic receptors, τ proteins and β-secretase enzyme [60] [61] [62] [63] . Lithium is found to inhibit glycogen synthase kinase-3β (GSK-3β) activity results in decreased levels of both Aβ and τ-phosphorylation τ-aggregation and neurofibrillary tangles (NFT) formation in transgenic mice. Other GSK-3β inhibitors are being developed, such as AR-A014418 as well as other kinase inhibitors [60] [61] [62] . AL-108 or NAP, which is an intra-nasal formulation, derived from the biological activity-dependent neuroprotective protein secreted by brain in response to various insults. AL-108 interacts with microtubules, reduces τ-hyper phosphorylation and enhances soluble τ levels leading to an improvement in cognition [60] [61] [62] [63] [64] [65] [66] [67] [68] . The compounds targeting τ pathology with their current status are summarized in Table 3 .
Strategies targeting metal ions: metal chelators and complexes:
Metal chelators bind strongly to 2 or more metal ions and form a cyclic ring, which converts metal ions into an inert form and depletes total pool of bioavailable metals [14, 60, 62] . Desferrioxamine (DFO), a Fe chelator with high binding affinities for Zn, Cu and Al was the first such agent to enter clinical investigations for treatment of AD. DP-109 reduced formation of cerebral amyloid angiopathy (CAA) and deposition of APs as well as it re-solubilized Aβ. Modulating metals with metallo-complexes (i.e. complexes of pyrrolidinedi-thio-carbamate, PDTC and Cu) is an alternative approach to chelation and serves to remove metals from biologically deleterious sites and deliver them to areas of deficiency [14, 60] . This helps in maintaining metal homeostasis. Metal-protein attenuating compounds (MPAC), have weak, reversible affinity towards metals, and thus compete with endogenous ligands for metal ions and restore normal metal levels in specific cellular compartments (clioquinol) [14, 60] .
Disease modifying drugs in AD:
Recent research is directed to identify and formulate the drugs that will modify the pathological steps, which include deposition of AP, neurofibrillary tangles, oxidative damage, inflammation, iron deregulation and cholesterol metabolism [69, 70] . The most studied drug in this regard is the antiamyloid aggregation agent, tramiprosate (homotaurine), a glycosaminoglycan (GAG) mimetic, which is derived from marine red algae. It has shown promising results in in vivo and in vitro studies [71] . Clinical trials are on-going to evaluate its therapeutic potential. Natural antiamyloid antibodies have been detected in human intravenous immunoglobulin (IVIG) obtained from the pooled plasma of healthy blood donors [72] . IVIG is being tested in clinical trials though the initial trial was discontinued due to severe adverse effects.
Search for the agents, which can target more than one pathology has resulted in the development of multitarget-directed ligands (MTDL) [73] . MTDL have more than one of the following actions like cholinergic action, metal chelating properties, calcium channel blocking actions, antiglutamate-induced excitotoxicity or blocking the enzymes for Aβ or τ pathways. One such novel class of MTDL combining BACE1 (β-site APP cleaving enzyme 1) inhibition with metal chelating properties has also been developed. This strategy combines two therapeutic targets and hence provides promising leads as potential treatment for AD [3, 73] .
Drugs which reduce the synthesis of free radicals:
Free radicals are known to initiate neuronal death. α-tocopherol has been found to limit free-radical formation, oxidative stress, and lipid peroxidation [24, 74] . It also supports survival of cultured neurons exposed to β-amyloid protein [24, 74] . Monoamine oxidase inhibitor, selegiline has antioxidant properties and also increases brain catecholamines, which have been found to be effective in treatment of AD. But the therapeutic use is not recommended due to uncertain efficacy [74, 75] . Ladostigil has cholinesterase-butyrylesterase (CH-BUE) and brain selective monoamine-oxidase (MAO) inhibitory activities with neuroprotective actions and was tried as potential treatment of AD but it is still under development awaiting more clinical data [76] .
Butyryl-cholinesterase:
Enzyme butyryl-cholinesterase (BCHE), like ACHE, co-regulates metabolism of the acetylcholine, which is an important neurotransmitter for cognitive functions. BCHE is mainly expressed in white matter, glia and in neuronal regions important for cognition and behaviour. Hence, BCHE is potentially an important target for diagnosis and treatment of AD and is being studied currently. Experimental studies have shown that diminished BCHE activity can prove beneficial in AD. However, it is too early to comment on its therapeutic role in management of AD [77] .
Antioxidants:
The knowledge that reactive oxygen species plays a major role in the pathogenesis of AD has led to the use of antioxidants as a treatment strategy. There have been some reports of antioxidants showing some efficacy in few clinical trials, but these studies have not been able to answer whether antioxidants are truly protective against AD [78, 79] . A randomized clinical trial has shown that treatment with α-tocopherol at a dose of 2000 IU/d reduces neuronal damage and slows the progression of AD in patients with moderately severe impairment [79, 80] .
Homocysteine theory mentions possible role of vitamin B in cognition and some clinical studies have reported beneficial effects of vitamin B supplementation in AD [81, 82] . However, a systematic review published in 2014 showed the evidence is limited and further randomized clinical trials are needed to validate the same [83] .
Vitamin D and AD:
Vitamin D deficiency is linked to neurodegeneration and dementia including that of AD [84] . But therapeutic use of vitamin D for management of AD is not yet recommended owing to lack of quality clinical data. Due to limited evidence hypo-vitaminosis D is not yet considered diagnostic or prognostic of AD [85] .
Immunization in AD:
Immunotherapeutic approaches are being tried for management of AD. Immunization in AD can be divided as active immunization and passive immunization. In the active immunization mode, three peptide vaccines namely CAD106, ACC001, and Affitope, have reported to have entered phase 2 clinical trials [86] . These peptide vaccines have been modified in such a way to prevent the activation of T cell but were capable of activating Aβ specific antibodies. Phase 1 trials of these vaccines had reported positive effects [86] .
AntiAβ antibodies, in which pre-formed and manufactured 'humanized antibodies' are injected as passive immunization therapy have also been reported. Solanezumab has failed to show significant result in phase 3 clinical studies, gantenerumab has shown limited benefits in phase 3 studies and crenezumab is in phase 2 clinical studies and have reportedly shown benefits in mild forms of AD [68, 86] .
Stem cell therapy:
Using cell-replacement therapies with human embryonic stem cell or induced pluripotent stem cellderived neural cells to replace dead neurons hold huge potential for treating AD. Recent advances in stem cell research like induced pluripotent stem cell technology, has helped the transformation of such stem cell-derived neural cells into different types of neurons and glial cells in in vivo and animal studies [87] . Investigational new drug approval was granted by USFDA in 2015 for the first phase 2A clinical trial of ischemia-tolerant mesenchymal stem cells to treat AD. Similar studies are being planned in Europe and Asia [88] . However, it will take a long time to evaluate the therapeutic potential of such therapies.
Combination therapy for AD:
Most of the chronic diseases use combination therapy to get optimal response with existing therapies. Similar approach is adopted for management of AD. Accelerate Cure/Treatments for Alzheimer's disease Coalition, the Critical Path Institute and the Alzheimer's Association has tried to address the challenges in designing clinical trials to test various treatments in combination. Soon such clinical trials evaluating the combination therapy for management of AD will be a reality [89] .
Cilostazol, an antiplatelet agent with pleiotropic effects based on phosphodiesterase-3-dependent mechanisms was studied for its use in management of AD [90] . A retrospective analysis of cilostazol as an addon therapy in patients with mild dementia receiving donepezil shown to suppress the cognitive decline [90, 91] . Prospective randomized controlled trials (RCT) are required to validate these results.
Role of traditional medicine:
In traditional Chinese and Indian medicinal systems, numerous plant products have been used in treating cognitive disorders. Galantamine is one such plant extract used in Chinese medicine [92] . It is an alkaloid extracted from several members of the Amaryllis family. It has been found to slow down the process of neurological degeneration in AD. It acts as a weak competitive and reversible cholinesterase inhibitor and as allosteric modulator at nicotinic receptors. Hence, it belongs to class of ACHEI. Six-month treatment with galantamine has shown significant improvement in cognition and global function in a clinical study on 636 patients with mild to moderate AD [93] . Another study in 978 patients with mild to moderate AD has reported significant benefits of galantamine in the cognitive, functional, and behavioural symptoms of AD as compared with placebo [94] . A Cochrane review published in 2006 has showed that galantamine used at the doses above 8 mg/d showed better results in mild to moderate AD. There are no studies for its use in severe AD. The safety profile was similar to that of ACHEI [95] . In two clinical studies involving 2048 patients with mild cognitive impairment (MCI), galantamine failed to halt the progression of the disease. Total 14 (13 patients receiving galantamine and 1 on placebo) died within 30 d of discontinuing from the double-blind period (per-protocol assessment) however a posthoc analysis of the cohort has showed no increased risk with galantamine [96] . Combination therapy with galantamine (16 mg) with memantine (20 mg) was evaluated in a 2 y, double-blinded, placebo-controlled study with 232 MCI patients. The recruitment for this study had to be stopped as results of an intermediate analysis of safety data of two studies on galantamine in MCI as mentioned earlier, showed significant serious adverse events including death. In this interrupted study, short-term combination therapy had shown cognitive benefits [97] . A recent study with combination of galantamine and ambulatory cognitive rehabilitation in 86 patients of AD, combination therapy showed superior benefits on cognitive and affective functions than galantamine alone [98] . Okayama Galantamine Study (OGS) determined the long-term efficacy of galantamine treatment in older Japanese patients (80.6±7.2 y) with AD. A total of 279 patients were studied for 2 y and found to preserve the cognitive functions till 1 y. Subgroup analysis showed better response to galantamine for male and lower baseline function [99] .
Panax notoginseng is widely used in traditional Chinese medicine to improve learning and memory.
A study has demonstrated the beneficial effect of ginsenosides Rg1 and Rb1 in a mouse model of AD [100] . Notoginsenoside R1 has been reported to increases neuronal excitability and ameliorates synaptic and memory dysfunction, thereby contributing against neuronal toxicity by Aβ [101] . Huperzine A is a natural ACHEI derived from the Chinese herb Huperzia serrata, also acts as a NMDA receptor antagonist. It has antioxidant and neuroprotective properties that suggest its usefulness as a disease-modifying treatment for AD [102, 103] . A systematic review and meta-analysis of RCT on huperzine has mentioned 20 clinical studies and showed its beneficial effects on cognitive function, daily living activity, and global clinical assessment in participants with AD. However, it has also highlighted poor methodology in these clinical studies and hence more quality data is needed to substantiate its therapeutic role [104] .
Ancient system of medicine in India, the Ayurveda described various herbal formulations named Medhya Rasayana for the management of neurological disorders including AD [105] . Brahmi (Bacopa monnieri) has been used to improve intelligence and memory and this use is studied clinically [106] . It has also been found to be effective in rat model of AD as a potential cognitive enhancer and neuroprotector [107] . A meta-analysis of RCTs on Brahmi extracts for their cognitive effects showed its potential to improve cognition, particularly speed of attention. However, its role in management of AD is questionable due to lack of clinical evidence [108] .
Various Ayurvedic herbs like Amla (Phyllanthus emblica), Guduchi (Tinospora cordifolia), Shankhapushpi (Convolvulus pluricaulis), Ashwagandha (Withania somnifera), Tulsi (Ocimum sanctum), Mandukaparni (Centella asiatica) and Haritaki (Terminalia chebula) have been used in the treatment of memory disorders effectively [105] [106] [107] [108] [109] [110] [111] . Nishteswar et al. has reviewed the use of these indigenous herbs in the management of AD and highlighted the potential of these herbs [105] .
In a proof of concept study done by us in rodents, a combination of P. emblica and T. cordifolia with Bhavana Samskara (of O. sanctum) showed better results than modern agents like rivastigmine or piracetam on learning and memory parameters [110, 111] . These drugs are the potential candidates for management of dementia including that of AD though the exact actions of these plants drugs are yet to be explored in clinical studies. Curcumin has been known for ages and used commonly in India as an ingredient of food and cosmetic products. It has antioxidant, antiinflammatory, and platelet aggregation inhibiting properties. It has also been found to have effect on Aβ aggregation in AD and currently being investigated in clinical studies [112] [113] [114] . Resveratrol, a polyphenol from various herbs and red wine with neuroprotective actions has been studied as a potential candidate for the management of AD in pre-clinical studies however, its bioavailability appeared to be a limiting factor [115] .
Marine-derived drugs like homotaurine, bryostatin, cytarabine, trabectedin, eribulin, and ziconotide have shown beneficial effects in neurodegenerative diseases, that included AD [116, 117] . Some of these drugs have entered clinical studies [116, 117] . Currently clinical trials evaluating the role of Bry-1 (bryostatin) and homotaurine in management of AD have been in progress [116, 117] .
Role of complementary and integrative medicine:
Integrated approach for management of AD could be helpful considering the limitations of available treatment options. Dietary or nutritional supplements, yoga, meditation, acupuncture have been reported to benefit in such patients and also used as preventive measures for dementia [118] [119] [120] . Household spices such as ginger, turmeric, rosemary, sage, cinnamon, salvia herbs are also known to prevent neurodegeneration with the phytochemicals available in them [121] . However, the exact mechanisms and overall therapeutic benefits are still unclear and thus no evidence based recommendations exists for their use.
Guidelines:
Guideline for the treatment of AD was published by the National Institute on Aging-Alzheimer's Association work-groups on diagnostic guidelines for AD in the year 2011 [122] . The present guideline identifies 3 stages of the disease, with the first starting before symptoms such as, memory loss and before one's ability to carry out everyday activities are affected. It has also highlighted the need to identify biomarkers in the diagnosis of dementia in AD. Biomarkers for level of β-amyloid accumulation in brain, biomarkers for neuronal injury and degeneration are being suggested to be used in diagnosing AD. The guidelines plan to catch the disease at an early onset and thereby initiate therapy to limit the progression of the disease [122] .
California workgroup on guidelines for AD Management had released an updated report in 2008, which updated and expanded the previous AD management guidelines given in 2002 [23] . The report specified the following recommendations: assessment, monitor changes, reassess frequently, identify support, identify culture and values and assess capacity. The treatment in this guideline included: develop a treatment plan, treat behavioural symptoms, nonpharmacological treatment, treat comorbid conditions and provide end-of-life care.
Currently there are no specific guidelines in India for treatment of AD. Even though the prevalence of dementia is low in India compared to western countries, it is estimated at about 4.1 million [4] . The age-adjusted incidence rate is estimated at 9.19 per 1000 personyears in 2012 and higher incidence is found with increasing age [7] . This number is expected to rise in the near future as reported by Mathuranath et al. [7] . A high prevalence of smoking, epidemic of diabetes along with lifestyle changes can have a great effect in the development of the disease and can cause an explosion in the prevalence of AD in India. Dementia care extends beyond providing just the drug therapy to the patient, as it has a social dimension to it and includes the care at family and community levels. People in India do not differentiate between normal ageing process and phenomena or symptoms that are secondary to conditions like dementia. In these circumstances an India specific guideline will be of great help for the care givers and for the patients' families [123] .
AD pathogenesis is a complex process involving both genetic and environmental factors. Current pharmacotherapy of AD relies on the symptomatic effects of anticholinesterases and NMDA-receptor antagonists; it does not target the disease process. Therefore development of effective disease-modifying drugs is proving to be a difficult task. Current pharmacotherapy is not sufficient to halt the disease progression. Aβ, τ and metals are few of the important therapeutic targets identified and compounds that modulate them represent promising drug candidates. Ayurveda have some promising agents to be evaluated in clinical trials for the management of AD. Evidence with alternate therapies is limited and robust clinical data is lacking. Thus, further research is needed to evaluate if integrated approach of combining the existing therapies, traditional medicines and newer treatments can improve the care for patients with AD. Considering the disease burden in India, the clinicians need a specific guidance on the management strategies for AD. This review should help readers to make an informed choice for managing AD from the available options.
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